Introduction {#sec1}
============

Chronic kidney disease (CKD) is a worldwide public health problem that affects millions of people from all racial and ethnic groups. Although CKD is not one specific disease, it is a comprehensive syndrome. In Japan, major causes of end-stage kidney disease (ESKD) are type 2 diabetic nephropathy, chronic glomerulonephritis, especially IgA nephropathy, hypertensive nephrosclerosis, and polycystic kidney disease. According to the 2014 annual report by the Japanese Society of Dialysis Therapy, the total number of dialysis patients was 320,448. Among those patients, \> 95% have had hemodialysis therapy. The leading cause of ESKD has been diabetes (43.5%), instead of chronic glomerulonephritis (17.8%), since 1998 [@bib1]. Therefore, these major diseases are also causal diseases of CKD. In Japan, 40--60% of patients with chronic glomerulonephritis are diagnosed as having IgA nephropathy by immunofluorescence.

In this review, I would like to focus on the diagnosis and treatment of patients with IgA nephropathy. The first part covers the definition of CKD in Japan. The second part focuses on the diagnosis and treatment of patients with IgA nephropathy based on a case presentation.

Definition of CKD in Japan {#sec2}
==========================

The characteristics of CKD are common, harmful, and treatable. CKD is defined as kidney damage, confirmed by a renal biopsy or damage marker, or a glomerular filtration rate (GFR) of \< 60 mL/min/1.73 m^2^ for \> 3 months. Among CKD patients, the stages of the disease were, in the past, based on GFR levels, irrespective of the cause of kidney disease. However, the revised classification of CKD from 2012 is based on cause (C), GFR (G), and albuminuria (A), i.e., the CGA classification in Japan [@bib2]. CKD patients have been shown to have (1) a risk for the loss of kidney function (there are a large number of CKD patients behind the increasing number of people with ESKD); (2) a risk for cardiovascular disease, mortality, and hospitalization; and (3) financial problems.

In [Fig. 1](#fig1){ref-type="fig"}, the red areas of CKD stage classification on the heat map show high risks for ESKD, cardiovascular disease, mortality, and hospitalization. First, the causal disease, such as diabetes, hypertension, nephritis, polycystic kidney disease, or an unknown disease, is written in the blank (C). Next, the levels of GFR (mainly estimated GFR \[eGFR\]) and proteinuria are divided into 6 stages and 3 degrees, respectively. Because the measurement of urinary albumin excretion is covered by the Japanese national insurance system for only diabetes patients, and that of urinary protein excretion is used for nondiabetic patients ([Fig. 1](#fig1){ref-type="fig"}).

Case presentation of IgA nephropathy {#sec3}
====================================

Case: a 28-year-old business man.

Chief complaint: proteinuria and microscopic hematuria.

Past medical history: unremarkable.

Clinical course/laboratory tests: At age 25 years, proteinuria and microscopic hematuria were first detected during an employment health examination. The patient was hospitalized for a renal biopsy. Urinalysis on hospital admission showed 2+ proteinuria and 2+ hematuria by qualitative examination. Positive qualitative proteinuria quantified at 0.38 g/g Cr. The urinary sediment revealed numerous red blood cells (RBCs)/high power field (HPF) after acute tonsillitis with sore throat. Dysmorphic RBCs were also observed in the urinary sediment, but not marked. However, the patient had no other symptoms, including abdominal pain, arthralgia, purpura, erythema, or fever. Evaluation of renal function showed a serum urea nitrogen level of 15 mg/dL, serum creatinine (sCr) of 0.9 mg/dL, and eGFR of 83.7 mL/min. The markers of tubulointerstitial injury in the urinary samples, i.e., β2-microglobulin (β2MG), N-acetyl-β-[d]{.smallcaps}-glucosaminidase, showed normal ranges. In addition, renal ultrasonography revealed no abnormalities. Serological studies showed an elevated serum IgA level of 456 mg/dL (normal range, 110--410 mg/dL), but other immunoglobulin levels and complement activity titers (CH50) were normal. The level of serum C3 was 140 mg/dL (normal range, 86--160 mg/dL). The serum IgA/C3 ratio was 3.26. The serum levels of antinuclear antibody and anti-dsDNA antibody were normal.

After hospital admission, renal function continued to be normal, but the proteinuria and microscopic hematuria also persisted. After renal biopsy, tonsillectomy and steroid pulse therapy were performed as shown in [Fig. 2](#fig2){ref-type="fig"}. About 2 weeks after tonsillectomy, the administration of 0.5 g/d methylprednisolone (steroid pulse therapy) was performed for 3 consecutive days. Oral prednisolone 0.5 mg/ideal body weight every other day was administered between each pulse therapy. After that therapy, the dosages of steroid were gradually tapered and then completed. The proteinuria gradually improved to (±) or (+). Examination of the urinary sediment revealed 1--4 RBCs/HFP. The serum IgA level was 385 mg/dL (normal range, 110--410 mg/dL), and the level of serum C3 was 130 mg/dL (normal range, 86--160 mg/dL). Thus, the serum IgA/C3 ratio was 2.96.

Abnormal clinical findings and laboratory data {#sec3.1}
----------------------------------------------

Clinical findings: chance proteinuria and chance hematuria as well as increase of microscopic hematuria after acute tonsillitis.

Blood tests: serum IgA of 456 mg/dL, serum IgA/C3 ratio of 3.26. The levels of serum IgA and the IgA/C3 ratio were decreased after tonsillectomy and steroid pulse therapy.

Urinalysis: 2+ proteinuria and 2+ hematuria by qualitative examination, proteinuria quantified at 0.38 g/g Cr, numerous RBCs/HPF in urinary sediment after upper respiratory tract infection. After the tonsillectomy and steroid pulse therapy, the proteinuria gradually decreased and improved to (±) or (+). An examination of the urinary sediment revealed 1--4 RBCs/HPF.

Clinical diagnosis by CKD classification: nephritis, G2, A2.Cause (C): nephritis (suspected of primary chronic glomerulonephritis);Stage: G2 (eGFR of 83.7 mL/min; CKD G2 stage range, 60--89 mL/min);Proteinuria: A2 (proteinuria of 0.38 g/gCr; CKD A2 range: 0.15--0.49 g/g Cr);Clinical (C) grade of IgA nephropathy using the Japanese clinical classification: C-grade I (grade I range, \< 0.49 g/g Cr of urinary protein and \> 60 mL/min/1.73 m^2^) [@bib3].

Definite diagnosis: IgA nephropathy {#sec4}
===================================

Renal biopsy is required for the definite diagnosis of IgA nephropathy. Granular depositions of IgA and C3 were mainly observed in the glomerular mesangial areas ([Fig. 3](#fig3){ref-type="fig"}). Expansion of mesangial matrices with mesangial cell proliferation was observed by periodic acid-Schiff staining ([Fig. 4](#fig4){ref-type="fig"}). Electron-dense deposits were mainly observed in the mesangial areas. These findings were consistent with IgA nephropathy.

In Japan, the Japanese classification and the Oxford classification are used for the histological diagnosis of IgA nephropathy patients ([Table 1](#tbl1){ref-type="table"}).1.Japanese histological grading classification (lumped system): H-grade I A/C as shown in [Table 1](#tbl1){ref-type="table"} [@bib4]. Stratification of dialysis induction risk for patients with IgA nephropathy: low risk according to the C-grade I and H-grade I [@bib3], [@bib4].2.Oxford Classification (split system): M1E1S0T0 as shown in [Table 1](#tbl1){ref-type="table"}.

Pathogenesis of IgA nephropathy {#sec5}
===============================

IgA nephropathy (nephropathy with mesangial IgA and IgG deposits, so-called Berger disease in France) is the most common type of primary chronic glomerulonephritis in the world and was first described by Berger and Hinglais in 1968 [@bib5]. IgA nephropathy has a significant morbidity, culminating in ESKD in about 40% of patients within 20 years of the diagnosis. Histopathologically, IgA nephropathy is characterized by the expansion of glomerular mesangial matrices with mesangial cell proliferation and/or mononuclear cell infiltration. Glomeruli typically contain generalized diffuse granular mesangial deposits of IgA (mainly polymeric IgA1), IgG, and C3. Electron microscopy revealed electron-dense deposits in the glomerular mesangial areas and/or partially in the glomerular basement membrane. Therefore, this disease is generally considered to be an immune complex--mediated glomerulonephritis although the antigenic substances are still unknown. It is postulated that many antigenic substances, i.e., viruses, bacteria, fungi, or food, may stimulate the immune complex formation in patients with IgA nephropathy.

Because the pathogenesis of IgA nephropathy is still obscure, efforts made by many investigators around the world have gradually clarified various aspects of the pathogenesis of IgA nephropathy, as edited recently [@bib3], [@bib4]. There are many progressive factors that contribute to disease progression in patients with IgA nephropathy: (1) complement activation; (2) podocyte injury (podocyte loss: so-called podocytopenia); (3) activation of reactive oxygen species, cytokines, chemokines, and/or blood coagulation; (3) mast cell and/or lymphocyte infiltration in the interstitium; and (4) increase of fibrosis in the interstitium. Predictive factors of this disease in Japan are shown in [Table 2](#tbl2){ref-type="table"}.

New biomarkers for diagnosis {#sec6}
============================

Blood samples {#sec6.1}
-------------

### Galactose-deficient IgA1 {#sec6.1.1}

It is necessary to develop noninvasive diagnostic biomarkers before renal biopsy or without biopsy in patients with CKD. We have already reported the importance of 4 clinical markers in the diagnosis of patients with IgA nephropathy or in the differential diagnosis from other types of primary chronic glomerulonephritis: (1) \> 5 RBCs/HPF in urinary sediments, (2) persistent proteinuria (urinary protein of \> 0.3 g/d), (3) a serum IgA level of \> 315 mg/dL, and (4) a serum IgA/C3 ratio of \> 3.01. Patients with 3 or 4 clinical markers were easily diagnosed as having IgA nephropathy in our previous reports [@bib6], [@bib7]. Recently, Shimizu et al have measured the serum IgA/C3 ratio and change ratio of the serum IgA/C3 ratio (⊿IgA/C3/y) of IgA nephropathy patients at the time of renal biopsy and on the nearest consultation day in an outpatient clinic of the Juntendo University Hospital. ⊿IgA/C3/y was positively correlated to ⊿IgA/sCr/y. ⊿IgA/C3/y decreased along with the severity of histological grade, clinical grade, and ESKD risk. The patients with tonsillectomy had a smaller ⊿IgA/C3/y than those without tonsillectomy. Thus, it appears that the serum IgA/C3 ratio shows the activity of IgA nephropathy, and the chronological change of the IgA/C3 ratio indicates the efficacy of tonsillectomy for IgA nephropathy (submitted for publication).

However, it is necessary to develop new biomarkers for the early detection of this disease before or without renal biopsy. Several recent studies suggest that aberrant *O*-glycosylation of circulatory IgA1 is vital in the pathogenesis of IgA nephropathy. The *O*-linked glycans in the hinge region of IgA1 are generally composed of *N*-acetylgalactosamine and galactose; sialic acid may be attached to either or both sugars. IgA1-producing cells secrete a mixture of IgA1 *O*-glycoforms. Studies in the different populations have shown that IgA nephropathy patients have significantly higher levels of circulating IgA1 with galactose-deficient, *O*-linked, hinge-region glycans. Galactose-deficient IgA1 (Gd-IgA1) is a critical effector molecule in the pathogenesis of IgA nephropathy [@bib8]. Therefore, we examined the prevalence of elevated serum levels of IgA, Gd-IgA1, and glycan-specific IgG and IgA in IgA nephropathy patients and a large cohort of CKD patients to assess the utility of these biomarkers for the noninvasive diagnosis of IgA nephropathy. It was revealed that this panel of biomarkers is helpful in differentiating patients with IgA nephropathy from patients with other glomerular diseases. Yanagawa et al [@bib9] compared the serum levels of IgA, IgG, Gd-IgA1, Gd-IgA1--specific IgG, and Gd-IgA1--specific IgA in 135 IgA nephropathy patients, 79 patients with non--IgA nephropathy CKD, and 106 healthy controls. Serum was collected at the time of renal biopsy from all IgA nephropathy and non--IgA nephropathy CKD patients. Serum levels of Gd-IgA1--specific antibodies are elevated in most IgA nephropathy patients, and their assessment, together with serum levels of Gd-IgA1, improves the specificity of the assays. It appears that a panel of serum biomarkers may be helpful in differentiating IgA nephropathy from other glomerular diseases [@bib9].

Although many researchers have measured serum levels of Gd-IgA1 using a snail helix aspersa agglutinin lectin--based assay, the lectin-dependent assay has some serious problems in robustness. Yasutake et al [@bib10] aimed to establish a more robust and stable enzyme-linked immunosorbent assay (ELISA) method that uses a specific monoclonal antibody to recognize a hinge region in human Gd-IgA1 (Gd-IgA1 ELISA). Levels of serum Gd-IgA1 measured by Gd-IgA1 ELISA in patients with IgA nephropathy were significantly increased compared with those in patients with other renal diseases or nonrenal diseases. The results obtained from Gd-IgA1 by Gd-IgA1 ELISA were positively correlated with those obtained by a helix aspersa agglutinin lectin--based assay (*r* = 0.75). Recently, an antihuman Gd-IgA1 rat IgG monoclonal antibody (KM55) has been newly released by IBL-Japan in 2016 (<http://www.ibl-japan.co.jp>). As such, we are now able to measure the levels of serum Gd-IgA1 using Gd-IgA1 ELISA (code no. 27600) commercially.

Immunofluorescent staining of glomeruli with KM55 (Gd-IgA1--specific monoclonal antibody) was co-localized with Gd-IgA1 and IgA ([Fig. 5](#fig5){ref-type="fig"}). It appears that the novel lectin-independent method with KM55 for the measurement of serum levels of Gd-IgA1 can pave the way for a more convincing diagnosis and activity assessment of IgA nephropathy [@bib10].

### Tumor necrosis factor receptors 1 and 2 {#sec6.1.2}

IgA nephropathy is characterized by the mesangial deposition of pathogenetic polymeric Gd-IgA1, proliferation of mesangial cells, the increased synthesis of extracellular matrices, and the infiltration of macrophages, monocytes, and T cells. There is a strong correlation between the severity of renal interstitial damage and subsequent renal function decline in IgA nephropathy and diabetic nephropathy. Chan et al [@bib11] have clearly demonstrated that tumor necrosis factor-α released from mesangial cells after IgA deposition activates renal tubular cells and leads to subsequent inflammatory changes in the renal interstitium. Some investigators have reported that the levels of circulating tumor necrosis factor (TNF) pathway--related molecules, such as tumor necrosis factor-α and TNF receptors (TNFRs), are significantly higher in CKD patients. In 2015, Sonoda et al [@bib12] examined whether the levels of TNF receptors 1 and 2 in serum and urine were associated with other markers of kidney injury and renal TNFR expression in IgA nephropathy. Serum TNFR levels were positively correlated with the urinary protein-to-creatinine ratio and 4 tubular damage biomarkers, i.e., N-acetyl-β-[d]{.smallcaps}-glucosaminidase, β2MG, liver-type fatty acid--binding protein, and kidney injury molecule-1, and negatively correlated with eGFR. Patients in the highest tertile of serum TNFR levels showed more severe renal interstitial fibrosis than did those in the lowest or second tertiles. Urinary TNFRs were strongly correlated with all 4 tubular damage markers. The tubulointerstitial TNF receptor 2--positive area was significantly correlated with serum levels of TNFRs and eGFR. They concluded that elevated serum TNFR levels were significantly associated with the severity of renal interstitial fibrosis in IgA nephropathy patients [@bib12]. However, they indicated that the source of TNFRs in serum and urine remains unclear.

Urine samples {#sec6.2}
-------------

Primary (primitive) urine after filtration from glomeruli contains albumin and/or other components, such as chemokines, cytokines, complements, transferrin, and others. Those components may stimulate the proximal tubular epithelial cells. After that, the stimulated (injured) epithelial cells may produce the same components and then induce interstitial injury. Thus, it is thought that heavy protein in the primary urine is a result of glomerular and/or vascular damage and also a cause of tubulointerstitial damage.

Podocalyxin has presented on the apical cell membrane of podocytes and is shed in the urine from injured podocytes. It is generally considered that podocyte injury may induce glomerulosclerosis in various glomerular diseases, including IgA nephropathy. Urinary podocalyxin is associated with the severity of active glomerular injury in patients with glomerular diseases. Asao et al [@bib13] examined the relationship between the number of urinary podocytes and the levels of urinary podocalyxin and glomerular injury in adult IgA nephropathy patients. These results showed that the levels of urinary podocalyxin and the number of urinary podocytes are useful biomarkers for predicting histological changes in adult IgA nephropathy patients [@bib13].

Furthermore, glomerular damage in IgA nephropathy is mediated by complement activation via the alternative and lectin pathways. Onda et al [@bib14] reported that urinary membrane attack complex and factor H levels were positively correlated with sCr, urinary N-acetyl-β-[d]{.smallcaps}-glucosaminidase, urinary β2MG, urinary protein, interstitial fibrosis, and the percentage of global glomerular sclerosis. They concluded that complement activation occurs in the urinary space in IgA nephropathy, and the measurement of levels of membrane attack complex and factor H in the urine could be a useful indicator for renal injury in patients with IgA nephropathy [@bib14].

Treatment of IgA nephropathy {#sec7}
============================

We have usually used drugs for IgA nephropathy patients according to the recommended grade of the Evidence-based Clinical Practice Guideline for CKD (Japanese Society of Nephrology, 2013, article in Japanese) [@bib2], [@bib3] ([Table 3](#tbl3){ref-type="table"}). There are many therapeutic strategies: (1) adequate exercise and a low protein diet (decrease of dietary protein intake according to renal function as long-term dietary restriction is generally considered to reduce the levels of urinary protein and ameliorate glomerular injuries in patients with IgA nephropathy); (2) antiplatelet drugs (dipyridamole, Persantin; dilazep hydrochloride, Comelian): recommendation grade C1; (3) antihypertensive drugs (renin-angiotensin system inhibitor: angiotensin receptor blocker, i.e., olmesartan, Olmetec), urinary protein of \> 1.0 g/d and CKD G1--G3b: recommendation grade A; urinary protein of 0.5--1.0 g/d: recommendation grade C1; Ca channel blocker, i.e., benidipine (Coniel): no recommendation; (4) oral adrenocorticosteroid (prednisolone; Predonine), urinary protein of \> 1.0 g/d and CKD G1--G2: recommendation grade B; urinary protein of \< 1.0 g/d and CKD G1--G2: recommendation grade C; (5) steroid pulse therapy: urinary protein of \> 1.0 g/d and CKD G1--G2: recommendation grade B; (6) tonsillectomy with steroid pulse therapy: grade C1; and (7) immunosuppresants: recommendation grade C1.

Because macroscopic or microscopic hematuria is observed after upper respiratory tract infections in IgA nephropathy patients, a relationship between tonsillar infection and this disease has been argued. The tonsils are a mucosal lymphatic organ, and polymeric IgA1 is produced on the mucosal membrane. A part of this polymeric IgA1 is considered as a nephritogenic IgA1. The plasma cells, which produce circulating nephritogenic polymeric IgA1, and glomerular deposited immune complexes are formed there. A combined tonsillectomy and steroid pulse therapy has been developed and mainly performed in Japan [@bib15], [@bib16], [@bib17]. The objective of this therapy is to decrease plasma cells producing nephritogenic IgA1 in the tonsils and to prevent the cells from transferring to the bone marrow [@bib18]. Nakata et al [@bib19] indicated the palatine tonsils are probably a major site of Gd-IgA1--producing cells. However, these cells in some patients may propagate to other lymphoid organs, which may partially explain the different responses observed to tonsillectomy alone. In a multicenter randomized controlled trial, Kawamura et al [@bib20] reported that the antiproteinuric effect was significantly greater in the group that received tonsillectomy with steroid pulse therapy in patients with IgA nephropathy. However, the difference was marginal, and its impact on renal functional outcomes remains to be clarified. The effects of tonsillectomy with steroid pulse therapy still need to be determined from multicenter clinical trials in the future.

Conclusion and future perspectives {#sec8}
==================================

IgA1 with aberrant galactosylation (Gd-IgA1) is increased in the blood and deposited in the glomerular mesangial areas as well as partially in the capillary walls in patients with IgA nephropathy. The tonsils are important as one of the responsible regions in this disease. The clarification of the mechanism of Gd-IgA1 production will pave the way for the development of novel therapies. The results of future research are eagerly awaited. We are now able to measure the levels of serum Gd-IgA1 using Gd-IgA1 ELISA (code no. 27600) commercially.

Because the pathogenesis of IgA nephropathy is still obscure, the efforts made by many investigators around the world have gradually clarified various aspects of the pathogenesis and treatment of this disease. It is necessary to clarify the pathogenesis of IgA nephropathy and to newly develop treatments for the inhibition of the progression to ESKD in patients with IgA nephropathy. Because the treatment of IgA nephropathy is still controversial internationally, several current topics of etiology and treatment should be discussed among the various societies of nephrology, including the Korean Society of Nephrology.
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![**New revised CKD (cause) classification in Japan (Japanese Society of Nephrology 2012)**.\
CKD, chronic kidney disease; Cr, creatinine; GFR, glomerular filtration rate.](gr1){#fig1}

![**Protocol of tonsillectomy and steroid pulse therapy for IgA nephropathy patients**[@bib19], [@bib20].\
mPSL, methylprednisolone; PSL, prednisolone.](gr2){#fig2}

![**Immunofluorescence of IgA in a glomerulus**. Granular deposition of IgA in glomerular mesangial areas (IgA staining) is shown.](gr3){#fig3}

![**Light microscopic findings of a renal tissue**. Expansion of mesangial matrices with mesangial cell proliferation (periodic acid-Schiff staining) is shown.](gr4){#fig4}

![**Immunofluorescence of Gd-IgA1 and IgA in glomeruli**. Glomerular depositions of Gd-IgA1 (A), IgA (B), and their merge (C). (A) KM55, (B) anti-IgA, and (C) merge [@bib10]. Gd-IgA1 was co-localized with IgA in glomeruli by double immunofluorescence.\
Gd-IgA1, galactose-deficient IgA1.](gr5){#fig5}

###### 

Comparison between Oxford classification and JHGC

Table 1

  1\. Oxford classification: split system                                           
  ----------------------------------------- --------------------------------------- -------------------------------------------
  M                                         Mesangial hypercellularity              ≤ 0.5 (M0) or ≥ 0.5 (M1)
  E                                         Endocapillary hypercellularity          Absent (E0) or present (E1)
  S                                         Segmental sclerosis                     Absent (S0) or present (S1)
  T                                         Tubular atrophy/interstitial fibrosis   \< 25% (T0), 26--50% (T1), or \> 50% (T2)

  2\. Japanese histological grading classification: lumped system                         
  ----------------------------------------------------------------- ----------- --- ----- ---
  H-grade I                                                         0--24.9%    A   A/C   C
  H-grade II                                                        25--49.9%   A   A/C   C
  H-grade III                                                       50--74.9%   A   A/C   C
  H-grade IV                                                        75%         A   A/C   C

Active lesion (A) indicates cellular crescent and fibrocellular crescent; chronic lesion (C) indicates global sclerosis, segmental sclerosis, fibrous crescent.

JHGC, Japanese Histological Classification.

\*Lesions.

###### 

Summary of the nationwide survey of IgA nephropathy in Japan (Ministry of Health, Labor and Welfare, Japan, 2005)

Table 2

  -------------------------------
  Predictive factors after 10 y
  Male
  Under 30 y old
  Diastolic hypertension
  Heavy proteinuria
  Mild hematuria
  Low serum albumin
  Elevated serum creatinine
  Impaired renal histopathology
  -------------------------------

###### 

Rating description of the guideline recommendation (Evidence-Based Clinical Guideline for CKD, JSN, 2013) [@bib3]

Table 3

  Recommendation grade
  ----------------------------------------------------------------------------------------------------------------------------
  A.Strongly recommended for implementation in routine clinical practice due to sufficient evidence
  B.Recommended for implementation in routine clinical practice because of some evidence
  C1.Might be implemented in routine clinical practice despite insufficient evidence
  C2.Not recommended for implementation in routine clinical practice because of insufficient evidence
  D.Not recommended for implementation in routine clinical practice because of evidence that it might be harmful to patients

CKD, chronic kidney disease; JSN, Japanese Society of Nephrology.
